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PREFACE

Th Is ef fort was conducted under Harry G. Armstrong Aerospace
Medical Research Laboratory (AAMRL) Project 7184, "Man-Machine
Integration Technology," Task 718408, "Crew Station Design Tech-
niques and Criteria," and Work Unit 71840835, "Engineering An-
thropometry for Systems and Subsystems Design."

This paper was presented as part of the Symposium of the
26th meeting of the Air Standardization Coordinating Committee
(ASCC), Working Party 61, "Aerospace Medical and Life Support

4 Systems," 5 November 1 985. at the RAF Institute of Aviation ~
Med Ic Ine, Farn borough, Hants, EnglIand. It also appears In the '

Report of that meeting, Volume IV, "Symposium Proceedings."
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OBJECTIVES

The study reported here was undertaken to serve three
objectives:

To derive new aircraft cockpit geometries in which the
techniques of vertical ejection seat adjustment move the small 
pilot toward his/her controls and the large pilot away from them,
thus avoiding the Incompatibilities associated with adjusting the
small pilot up and aft, away from hand controls, and the large
pilot down and forward, toward hand controls;

2. To demonstrate the relative ease with which the designer
can depart from the United States Air Force tradition of accom-
modating to the 5th to 95th anthropometric percentile range and
to accommodate, Instead, to the 1st to 99th percentile, Including
reach capability; and

3. To demonstrate appropriate techniques of using the AAMRL
Two-Dimensional Drawing Board Manikins In the derivation of basic
geometries of two diverse ejection seats and of selected aspects
of cockpits.

Design requirements to be met by the cockpit geometries are
as follows.

1. Vertical seat motion is for the purpose of adjusting the
pilot so that his eyes can be located on the 15 degree Down
Vision Line, over the nose of the aircraft, rather than on the -. %

traditional Horizontal Vision Line (Plane). It Is felt that
optimum vision both Into and out of the cockpit can best be N--
achieved by adjusting to the Down Vision Line.

be 2. All pilots within the anthropometric design range should
be able to avoid thrusting their knees forward of the Ejection
Clearance Line by assuming the correct ejection posture, even
though they might have adjusted the seat to a considerably dIf- "-".."
ferent position than recommended, considering their body size.

The 1st to 99th percentile ranges of body sizes to be
accommodated are listed below. This Is a typical example of the
manner In which anthropometric percentile range accommodation Is
best applied to design. The 1st to 99th percentile accommodation '
range is applied only to the key dimension(s).

*',
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Eye Height, Sitting 1st to 99th Percentile
Thumb-Tip Reach 1st Percentile to Top of RangeI,_ L__

Buttock-Knee Length Bottom of Range to 99th Percentile
Buttock-Popliteal Length 1st Percentile to Top of Range
KneeHeiht , Breadtng Bott oRg o9 PercentiletoTopofRan
Knee Height, Sitting 1st Percentile to Top of Range
Popliteal Height, Sitting 1st Percentile to Top of Range
Hip Breadth, Sitting Bottom of Range to 99th Percentile

First and 99th percentile limits are specified only for Eye
Height, Sitting, the one listed dimension whose extremes bo.±h
must be considered. This dimension plays a decisive role in
determining vertical seat adjustment range and, therefore, the
total depth of the cockpit. Contrary to the apparent bel lef in
many airframe companies and military agencies, Sitting Height Is
not the most critical body dimension In cockpit layout, since ItA
is taken Into account by the military services' convention in
calling for a 9- to 13-inch arc originating at the Design Eye
Position and to which the underside of a canopy or overheadfuselage must be tangent.

All layouts were developed using the AAMRL Two-Dimensional

Drawing Board Manikins.* Since these design aids are currently
available only In 5th, 50th and 95th percentile sizes, minor
adjustments had to be made on the drawing board to represent the
Ist to 99th percentile accommodation requIrements. In the text
that follows, references will frequently be made to 1st and 99th
percentile torsos as though actual manikins of these sizes were
used. ThIs Is a convenience to avoid the otherwise cumbersome
necessity to refer frequently to the adjustments made to derive
1st and 99th percentile values.

.% •

THE LOW PROFILE COCKPIT GEOMETRY

I The Impetus for developing the Low ProfIle Geometry can be
traced to conversations with members of the original cadre estab- .'
Ilshed at Wright-Patterson Air Force Base, Ohio, to Initiate
studies leading to what Is now known as the Advanced Tactical
Fighter (ATF). Drawing on these conversations, as well as from
lessons learned In the AAMRL High Acceleration Cockpit (HAC)
experience and from work done by the author, a basic low profile
geometry was developed. It was driven by the following design
requirements In addition to those listed In Objectives.

1. It was specified by the ATF cadre that the frontal area
of the fuselage of a low profile aircraft be significantly less
than that typical of aircraft currently In the Inventory. Ex- N,. %
pressed In terms Important to the geometry of the ejection seat,
the frontal area through the cockpit at Seat Reference Point
(SRP) should be approximately 80 percent of that of the F-16A. -e:

See BIbl Iography for references regarding the AAMRL Drawing
Board Manikins.

-• . . . ..... %- . 4 . .
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2. A seated posture must be produced that would passively '

resist submarining during ejection, but would not result In thepilot's knees encroaching on the 15 degree Down Vision Line.

A reduction to 80 percent of the vertical frontal area
through the cockpit of the F-16A results In a vertical distance
of approximately 37 Inches from the ful I-down SRP to the under- • 0
side of the canopy.* This compares to 41.5 inches for the F-16A.
Allowing a 9-Inch clearance from the eyes to the underside of the
canopy reduces to 28 inches the vertical space within which to
accommodate to the 99th percentile for Eye Height, Sitting (34.8
I nches). A rather supine angle Is obviated.

As body attitude proceeds more and more toward supination,the head is more likely to require frequent If not continuous

support. The minimum back angle at which this oc,-urs Is unknown,
but It appears to be at about 45 degrees.** If we also expect
the pilot to be able to see comfortably forward both Into and out
of the cockpit, the head must be supported In an upright atti-
tude, essentially as It assumes In the unsupported situation. To
determine an appropriate head orientation for a straight ahead
gaze, a sample of 30 Individuals were examined. It was found
that, when looking straight ahead, the angle between Traglon
(essentially at the upper margin of the external auditory meatus
- ear hole) and the Inferior margin of the orbit (bony eye
socket) averaged +11 degrees.

The more supine the back angle becomes, the more the head
must be rotated forward In order to ma'intain a natural head
orientation. As this occurs, the greater Is the likelihood that
the chin and respiratory gear will come Into contact with the
chest. It Is felt, therefore, that at rather supine back angles,
the upper back and head should be elevated from the plane of the
lower back to avoid the possibility of this Interference. Al-
though elevating the upper back and head will increase the heart

valve eye distance and likely lessen somewhat the pilots' toler-
ance to +Gz accelerations, the discomfort and possible compromise
of equipment that may otherwise occur would be unacceptable.
Accommodation to the 99th percentile torso within the vertical
space allowed, such that these requirements are met, requires a
lower back angle of approximately 55 degrees aft of vertical and
an upper back/head rest angle of approximately 10 degrees aft of
vertical. The distance from SRP to the beginnIng of the upper
back/head rest was found to be 19 1/8 Inches.

* The vertical dimension of the cockpit has traditionally been

expressed In terms of the distance between the Neutral Seat
Reference Point (NSRP) and the underside of the canopy. I have
departed from this convention for the purpose of Including full
vertical seat travel In this value.

** The angle of support for the upper back is critical. If the
upper back Is supported at an angle less than 45 degrees aft, It
may be that continuous head rest Is not needed.

j5
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With the 99th percentile torso still on the drawing board,
the minimum uppermost limit for the top of the head rest was
marked.

These first steps in developing the Low Profile Cockpit
Geometry are Illustrated In Figure 1.

First to 99th percentile reach accommodation can be achieved
merely by locating hand operated controls at the 1st percentile
reach distance. All personnel with longer arms are automatical ly
accommodated. Using this procedure in the aircraft cockpit,
however, is Inappropriate and can lead to an array of hand oper- )r "P

operators and can cause the crewstation to be too confining for 5.

Iarge p I lots.. _

In the cockpit, accommodation to the 1st to 99th percentile
range for reach capabil ity can be achieved in another far more
appropriate fashion. By taking advantage of the fact that the
smaller pilot will move the seat upward and the larger pilot
downward to reach the Down Vision Line, we need only to accom-
modate to the minimum practical reach capabilIty compatible with
the 99th percentile torso in the ful I-down seat adjustment, and
to the minimum reach compatible with the 1st percentile torso in
the ful I-up seat adjustment. The minimum practical Thumb-Tip to
Reach to be found associated with the 99th percentile torso was

. % "

CANOPY '/- . -

gR

04

~ 44P

FULL-DOWN

p SRP

FIGURE 1. The Low Profile Cockpit Geometry - Initial Determina- %.%

tions. A 55 degree lower back angle and 10 degree upper back-
head rest and the Over-the-Nose Vision Line have been estab-

I Ished. Since the 99th percentile eye position will be the
highest along the Over-the-Nose Vision Line, the clearance radius
to the underside of the canopy can also be Indicated.
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found to be 30.7 Inches, or 29th percenti le.* With the 99th
percentile torso In the full-down seat adjustment, the 29th per-
centile reach point Is located directly forward. This reference
point will be used to achieve 1st and 99th percentile reach
equivalence.

It was certain at this point that the 1st percentile torso
with the maximum likely leg (75th percentile) in the full-up seat
adjustment would be the body proportions likely to cause the
knees to rise the highest In the cockpit and, therefore, most
likely to Interfere with the 15 degree Down-Vision Line. For
this reason, I Ignored the height to which the knees of the 99th
percentile leg on the 99th percentile torso might rise In thecockpit with the seat full down.

It was not yet known which of the torso/leg/seat adjustment
combinations would cause the knees to protrude farthest forward
and, therefore, be determinant In the placement of the Ejection
Clearance Line. However, to preserve this information for pos-
sible future use, the forward protrusion of the knees of the 99th
percentile torso and leg was marked.

Since it was not yet possible to determine the compressed
surface of the seat cushion, It was also not possible to Indicate
the placement of the rudder pedals. For the time being, then,
the 99th percentile torso and Its limbs were set aside and atten-
tion was turned to the uppermost seat adjustment.

The seat In Its uppermost adjustment must be positioned such
that 1st percentile Eye Height, Sitting Is on the Down Vision
Line and the 1st percentile Thumb-Tip Reach point at the same
distance forward as that for the 99th percentile torso/29th
percentile arm combination In the full down seat adjustment.
Preserving this relationship by using an appropriate body sup-
port system will yield 1st and 99th percentile reach capability
equivalence.

The 1st percentile torso with 1st percentile upper limb was
positioned on the drawing onto the 55 degree back - 10 degree 4
upper back/head rest.

* Minimum likely reach Is defined as the value for Thumb-Tip
Reach calculated from Eye Height, Sitting, using the appropriate
regression equation, less 1.64 X the Standard Error of the Esti-
mate. [88.3 cm (99th percentile Eye Height Sitting) X 0.516
(Slope) + 38.54 cm (Constant)] - [1.64 X 3.66 (Standard Error of
the Estlmate)] = 78.1 cm (30.7 inches) which is 29th percentile
USAF Thumb-Tip Reach. Applying this procedure to estimate the
maximum likely leg length (Buttock-Knee Length) associated with
the 1st percentile torso results In a 75th percentile lower limb.
Other combinations, I.e., maximum likely upper limb/lst percen-
tile torso and minimum I lkely leg/99th percentile torso were
also available, but not pertinent.

7
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To establ ish the angle of the seat, one that would provide

passive resistance to submarining during ejection as well as not
violate the Down Vision Line, the 75th percentile leg was at-
tached to the Ist percentile torso, and rotated upward until the
knee was 1 Inch below the Down Vision Line. A line tangent to
the underside of the thigh was drawn to portray the angle of the
compressed seat cushion. Since this Is the longest practical
Buttock-Knee Length associated with the 1st percentile torso and,
since the seat Is full up, It also represents the highest point
to which any pilot's knees are likely to be found.

The SRP of the seat In Its uppermost adjustment turned out

to be 3 3/4 Inches above that In the lowermost adjustment and
along a line 5 1/2 degrees aft of vertical. The distance from
SRP to the lower edge of the upper back-head rest was found to be
15 3/4 Inches.

These additional steps in the derivation of the Low Profile

Seat Geometry are Included In Figure 2.

To determine seat length and full forward rudder In the aft-
most rudder carriage adjustment, the 1st percentile leg was used.
The length of the seat compatible with the manikin's Buttock- S

Popliteal Length was marked and found to be 17.5 Inches. An arc
was drawn from the center of rotation at the knee to the heel

oR99TH% % 
.  

""

HORIZONTAL VISION LINE + -. ...

-.. ....

1ST%

1ST AND 29TH/ '::1::;

E pRCENTILE REACH °*"' "°

I POINT AND ARC . °,=

+NSRP + 
.-

FULL DOWN * -

SRP

FIGURE 2. The Low Profile Cockpit Geometry - Intermediate Deter-
m,nations. The uppermost seat position has been determined.
With the placement of the Ist percentile eye on the Down Vision
Line, the range of eye positions are known. The Design Eye Posl-
tion (DEP) can, therefore, be determined as well as the Horl-
zontal Vision Line. The maximum height to which the knee can be
expected to rise in the cockpit is also shown.

.. .* • .-"
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catch to represent full forward rudder In the full aft adjust- .--'..
ment. With this geometry It Is understood that full right (left)
rudder will likely cause the left (right) knee of the 1st percen-
tile torso/29th percentile leg combination to be elevated above
the Down Vision Line. Because of canopy interference, It is
anticipated that the largest pilots cannot raise the seat high
enough to elevate their knees to a yet higher level.

The angle and length of the compressed seat cushion was
reproduced onto the full down SRP and the 99th percentile torso
with the 99th percentl le leg was laid on the drawing such that
the lower surface of the thigh coincided with the seat surface.
The most forward protrusion of the knee was marked for determina-

tion of the Ejection Clearance Line. Also, as with the 1st
percentile torso/75th percentile leg, an arc was drawn in the
rudder pedal area, equal to the distance from the center of rota-
tion at the knee to the heel catch. Using this arc, full forward
rudder in the full forward carriage adjustment can be determined.

For Illustrative purposes, full forward rudder pedal posi-
tions for full forward and full aft carriage adjustments were
located at the Intersections of the leg arcs and a line at -4
degrees from the hip joint center of the 99th percentile torso. 9
Such a location should provide for easy pedal actuation. Obvious- "
ly, several alternative locations and excursions are possible.

The completed Low Profile Geometry appears in Figure 3. The
upright headrest would be the posture of choice for normal
flying. Included Is a head rest position which is in the same
plane as the lower back and which could be used with the expec-
tation of very high +Gz loadings. A third head rest position,
set at 30 degrees from vertical, could be included and would be
used on ejection. It would assume an ejection angle set at 30
degrees or less aft. An Ejection Clearance Line was drawn which
allows for 2 inches clearance forward of the 99th percentile
Buttock-Knee Length.

THE VARIABLE COCKPIT GEOMETRY

Unfortunately, ejection seat design technology has been such
that we have been required to accept what is, In the Human
Factors sense, an unacceptable characteristic of ejection seats:
namely, the adjustment of the smal ler pi lot up and aft, away from
his controls, and the larger pilot down and forward, toward his

controls. At first glance, It might appear that all we need do
to solve this Incongruity is to adjust pilots along a ramp, the
small pilot up and forward and the large pilot down and aft.
However, since pilots are known to adjust the seat to positions
iJie choose, and not necessarily to positions the designer
chooses for them, they can be counted on frequently to adjust
themselves higher in the cockpit than recommended by the de-
signer. Using the ramp concept would Increase the probability
that their knees would be thrust forward beyond the Ejection
Clearance Line. To avoid this problem using the ramp concept

9
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would require that the Ejection Clearance Line be far enough
further forward so that all pilots will clear, regardless of
their seat position. Since the forward control and display
panels must be located forward beyond the Ejection Clearance
Line, the ramp technique would force the former to be out of
reach for all but the very largest pilots. Also, an up-and-
forward ramp would enlarge and displace forward the pilot-seat
center of mass as well as increase the weight of the seat. Tech-
nology, therefore, has required that the pilot be adjusted along
angles within a few degrees of the back plane and ejection rails. %

One of the purposes of this study Is to equate 1st and 99th
percentile reach capability. In doing so, It is obvious that the
upper torso and shoulders of the smal ler pilot wil I have to be -

forward of those of the large pilot. Because the geometries must
be compatible with the cockpit of the F-16A, it was decided to
use that seat geometry in the full down seat position for the
pilots with the longest torsos, or, in other words, 99th percen-
tile Eye Height, Sitting. Such an individual with the smallest
practical reach capability would represent least reach with the
seat ful l-down.

CANOPY

gR

%X HORIZONTAL VISION LINE .9TH%-" "

IST% + / ,

1 IST AND 29TH , + '

A PERCENTILE REACH-+ R PON N R EART VALVE /•" P"=
.'% ~~1STKE JON ET~AND 99TH PERCENTILE PONTAD R POSITIONS /..%.=KNE JON ETESlo

" NSRP

FULL FWD-FULLDAFT .-.
FULFD-AJ UDR PERCENTILE FL.O N'

' 
""

•
"

FULL FWD ADJ. HIP JOINT F RPUL."
SRUDDER .. -

FIGURE 3. The Low Profile Cockpit Geometry - Final DetermIna-
tions. The lowermost seat position Is Indicated, as Is the full-
down Seat Reference Point (SRP) and the traditional Neutral Seat
Reference Point (NSRP). With the position of the maximum forward -

knee known, the Ejection Clearance Line can be determined.
Rudder pedal positions and a head rest for possible use in
anticipation of the onset of high +Gz are also shown.
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To establish the minimum likely reach when the seat Is full
down, the 99th percentile torso was equipped with the 29th per-
centile upper limb and 99th percentile lower limb and Installed
Into the full-down seat. To simulate a comfortable seated flying
position, the upper torso was balanced over the abdomen and hips
and the head and neck were adjusted to permit comfortable vision
Into and out of the cockpit: The eye-ear line was set at +11 o %;
degrees. The eye point was marked and a 9-Inch radius drawn
above to assure that adequate clearance was maintained from the
uppermost eye position to the underside of the canopy. A line
was drawn through the eye point at -15 degrees to represent the
Down Vision Line. To Indicate minim'um arm reach, the upper limb
was extended forward and horizontal and adjusted to simulate
reach with the shoulder moderately extended. The Thumb-Tip Reach
point was marked.

The head was rotated aft and the height of the top of the
head rest was marked. 6,

The thigh was adjusted appropriately In the seat and the
• _% *h),

forward curvature of the knee was marked to record Its maximum
forward extension. To simulate full forward leg thrust and,
therefore, full forward rudder at full forward carriage adjust-
ment, the popliteal region of the leg was placed into contact
with the most forward, upper surface of the seat. An arc was
drawn In the rudder pedal area, originating at the knee Joint,
and equal to the distance to the center of the heel catch. This,
along with a similar arc for the 1st percentile leg on the 1st 4
percentile torso, would be used to establish full forward rudder
and range of carriage adjustment.

These steps In the derivation of the Variable Cockpit Geo-
metry are Illustrated In Figure 4.

Once the full-down seat geometry was laid out, It was neces-
sary to establish the geometry for the full-up seat. This I.
most convenIently done using the 1st percentIle torso equipped
Initially with the 1st percentile arm and leg.

The first step Is to overlay the Thumb-Tip Reach point on
the hand of the 1st percentlle upper Ilimb onto that of the 29th
percentile arm previously determined. The arm Is then straight-
ened out horizontally In the aft direction. The shoulder joint
Is adjusted and the head and neck were oriented as before for
optimum vision. The whole manikin was then raised vertically
until the eye was on the Down Vision Line. With these two refer-
ence points maintained, the lower two segments of the torso were
rotated Into an appropriate position to produce a SRP near the N.
SRP for the full-down geometry. A straightedge, held against the
lower back, helped maintain a straight back plane. The thigh was
rotated upward Into a seated position to produce a 95 - 100

* degree open angle between the seat and seat back. ___

-. , *.



There are several geometries possible for the uppermost seat
posItIon. In making a final selection, It was necessary to
consider the following factors.

1. The transition between ful I-down and ful I-up seat ad-
Justme'nts should be essentially a rotational motion originating
as close to the knees as possible so that, when underway In theupward direction, the knees are not thrust forward.

2. As with the ful l-down geometry, that of the ful l-up
posItIon should be one that Is famIl I ar to and accepted by the
USAF flying community.

- L
3. The transition from ful l-down to ful l-up should be made .

with the least possible motion.

To accommodate to the latter requirement without seriously
Jeopardizing reach equivalence, the manikin was moved upward
along the 15 degree Down Vlslon.Llne to a point 3 Inches from the
99th percentile eye point. By compromising In this fashion, the
1st percentile reach point receded aft approximately 1 inch from
that for 99th percentile and head motion while raising the seat
would be reduced.
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FIGURE 4. The Variable Cockpit Geometry - Initial Determine- :

tions. The geometry of the F-16A seat Is used for the full down.-#
position. The 99th percentile eye and knee positions, DownL
Vision Line, canopy clearance, and full forward rudder can be.,.:."
located using the 99th percentile drawing board manikin. "-?..P-'
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One combination of back and seat angles that fits adequately
all of these criteria is 18 degrees aft and +11 degrees, respec-
tively. The 18 degree back angle Is quite close to the familiar
15 degree back angle found In the F-15 and other aircraft. A
back angle set at 20 degrees or greater would require less
angular back motion, but, since the shoulder acts as a more or
less stationary hinge point In determining acceptable back
angles, a steeper back angle would result In the seat pan, and
therefore the knees, being thrust forward during upward travel.
This would requIre that the Ejection Clearance Line be located
considerably farther forward, and beyond which few pilots could
reach. The 18 degree back and +11 degree seat angles yielded an
open angle of 97 degrees, we Il within the accepted range for an
"upright" seat.

Once the final geometry for the ful l-up seat posItIon was
selected, the forward edge of the seat cushion was marked at 18.5
Inches from SRP to correspond to the Buttock-Popliteal Length of
the larger lower limb.

The SRP for the ful I-up seat was found to be 5.25 Inches , ,
above the full down SRP, along a vector at 24.5 degrees aft of
vertical. The NSRP, of course, would be found midway along this
lIne. The entire system would rotate, with a small amount of
sl iding, around a point 2.5 Inches aft from the forward edge of
the seat.

The shank of the Ist percentile lower limb was then rotated
downward Into the rudder pedal area and an 'arc was drawn, origi-
nating at the knee joint center and equal In length to the dis-
tance to the heel catch. This arc, then, represents full forward
rudder position In the full aft adjustment.

The 1st percentile leg was replaced by the 75th percentile
leg and the forwardmost extension of the knee noted. It was
found not to extend farther forward than the 99th percentile
knee. The Ejection Clearance Line, then, was set at 34.5 degrees
aft of vertical to correspond to the F-16A and 2 Inches forward :!

. from the 99th percentile knee. So as to assure that the largest -,

pilot could not thrust his knees forward beyond the Ejection
Clearance Line, the 99th percentile torso was equipped with the
99th percentile leg and Installed Into the full-up seat. Even
though It turned out to be an unrealistic position, since the
head extended above the canopy, the knees were not thrust beyond
the Ejection Clearance Line.

For the purpose of Illustration, the full forward throw for
the rudder pedals In the full forward and aft adjustments was set
at the Intersections of the leg arcs and a line set at -4 degrees
from the 99th percentile hip joint center In the full-down seat.

The final Variable Seat Geometry Is Illustrated In Figure 5.
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DISCUSSION %'-

The Low Profile Seat Geometry is illustrated, with dimen-
sional Information Included, In Figure 6. Tolerance to rela-
tively high levels of +Gz loads can be expected using such a
geometry especial ly when taking advantage of the ful I-aft head 1.' k
rest. The basic geometry is not altered as the seat is adjusted
upward, even though the length of the lower back segment shortens N
to 15 3/4 inches from 19 1/8 inches.

Because the seat pan Is tipped up to a relatively high angle
(35 degrees) and upward seat motion Is along an aft angle (5 1/2
degrees) and only 3 3/4 Inches in length, knee thrust forward Is .A.

minimized. It is adequate, however, to force the Ejection Clear-
ance LIne beyond the reach capabIlIty of al I subjects. For this
reason no hand operated controls can be located forward. This
turns out to be of little consequence since nearly all available
space forward that might be used for control placement has been
el iminated by the extent to which the knees are elevated. With d\

HORIZONTAL VISION LINE H% .":% -'

5Tp 4

¢_. .'.

/,y / Ip/-'-'

P "K OIN T* -
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FFULL 5 ThF ar a l C c piDe me r FULL eteFiWOins a.. ,

.4.

The ful I-up seat geometry has been determined with a rotation",.-.
point Just behind the knees. With the location of the 1st ,-
percentile eye position on the Down Vision Line the Design Eye
Position (DEP) and the Horizontal Vision Line can be determined.
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rudder actuation, some pilots will frequently see one or the
other of his knees above the Down Vision Line. Reach In the
forward direction Is somewhat aided by the fact that the upper
back and head are supported at a lesser angle than the lower back
and the shoulders are forced somewhat forward. However, all
ejection seats that support the body In a near-supine attitude
and maintain that attitude during ejection will tend to force the
Ejection Clearance Line beyond reach.

SInce the 99th percentl e knee Is now known to be that which 
projects farthest forward, the Ejection Clearance Line can be
set. The full forward rudder In the aft most adjustment is also
shown.

As additional Information, average heart valve positions
were approximated and reductions In the blood column between
heart and brain was estimated for the upright and aft head posi-
tions. The upright head position for the 50th percentile torso
results In a 12 percent reduction when compared to that expected
in the F-16A, in which the average heart valve/eye distance Is
estimated to be 32 cm. When the head and shoulders are full aft ... ,
In the proposed high +Gz head rest position, the reduction Is
approximately 33 percent. If we can presume a 15 degree angle of
attack, these reductions Increase to approximately 14 and 53 !..;

percent, respectively.
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FIGURE 6. The Low Profile Cockpit Geometry. Dimensional " "-,,-
Information and approximate positions of heart valves for the
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The completed Variable Cockpit Geometry Is Illustrated In

Figure 7. It can be expected to offer essentially the same

tolerance to +Gz accelerations as that offered by aircraft such -

as the F-15 and F-16. When In the full-down seat adjustment, the
pi lot can expect the same tolerance as found In the F-16. When
full-up, the back angle has changed from 30 degrees aft to 18
degrees, which Is slightly greater than that of the F-15.

It has been observed that, with the onset of ejection from
the ful I-up seat position, the seat could rotate Into the ful I-
down geometry, using the transition to dampen the effect of the nv-
very high acceleration rate on the smaller pilot. The rapid
rotation of the man and seat, even though only 12 degrees, wl I
obviously need to be carefully considered. If It Is found that
such a rapid transition cannot be tolerated, an ejection angle
closer to 18 degrees could be considered. Insofar as the effect
the resultant 18 (or so) degree Ejection Clearance Line would
have on forward control placement, the 1st and 99th percentile .
reach points appear far enough forward that the reach requirement
could still be met.

The knees would move fore and aft very little when adjusting
from full-down to full-up seat position. This feature has the

CANOPY

IETN.. . .,

HORIZONTAL VISION LINE V",

SDEP . .
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FIGURE 7. The Variable Cockpit Geometry. Appropriate labelling
and dimensional information have been added.
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advantage of requiring less rudder carriage adjustment than cur-
rent cockpit geometries. It Is estimated that such a seat geo-
metry Installed Into the cockpit of the F-16A would allow the
full range of pilots to use only the forward half of the current
carriage adjustment.

Adjusting the pIlot's eyes to the 15 degree Down Vision Line
resulted In an unexpected advantage. Because the upper torso and
head are rotated forward as the seat Is adjusted upward, the eye
of the smaller pilot also is found to be further forward. Since
adjustment Is made to the Down Vision Line, this means that the
eyes of the smallest pilot will also be approximbtely I inch
lower than those of the largest pilot. This requirement makes It
possible to accommodate the Ist to 99th percentile range with
only 5.25 Inches of vertical seat travel.

A mockup of the Low Profile Seat Geometry Is Illustrated in
Figure S. It Is completely motorized so that the geometry,

1el
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FIGURE 8. The Low Profile Cockpit Geometry Mockup - Large
Subject Accommodation. The seat Is full-down, rudders full
forward, and the eyes are on the 15 degree Down Vision Line.
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including the length of the back, changes as the seat is adjusted
vertically. The subject measures 35.6 Inches for Eye Height,
Sitting. That is above the USAF 99th percentile. His Thumb-Tip
Reach is 34.6 inches, or 96th percentile.

To facilitate access to the Down Vision Line, a cross hair
sight was mounted at the upper edge of the display panel and
trained on a target straight ahead but at -15 degrees. In an
attempt to reach the Down Vision Line, the subject has adjusted
to the full-down position. Because of the his great Sitting
Height, however, he was not able to acces the Down Vision Line as
conveniently as desired for optimum demonstration. Because the .9
seat is full-down and because his arm reach is so near the 99th C
percentile, arm reach equivalence can still be demonstrated.

The accommodation of the smaller pilot is Illustrated In
Figure 9. This subject measures 30.0 Inches for Eye Height,
Sitting, or 5th percentile, and 30.4 Inches for Thumb-Tip Reach, _
or 21st percentile.

.p =p --
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FIGURE 9. The Low Profile Cockpit Geometry Mockup - Smal I
Subject Accommodation. The seat is almost ful I-up, rudder ful I
aft, and the eyes are on the 15 degree Down Vision Line.
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The Variable Geometry Seat mockup Is Illustrated in Figure
10. It Is motorized so that the geometry changes automatically
and gradual ly during the transition from the ful I-down to full- I.,

up. The large subject has adjusted the seat to the full down v,.
poith n to achieve 15 degrees vision over the nose. Therefore,
the seat back Is 0 degrees aft and the seat is 30 degrees above
hor izontalI.

Note his reach capability forward.

The accommodation of the small subject Is Illustrated In
Figure 11. Note that reach capability forward Is essentially the
same as that of the large. subject. ".

.4 % .

For the purpose of Illustrating reach equivalence, the smal- .
ler subject is a bit too large In terms of his reach capability
and the large subject too smal l. Considering the direction of
their discrepancies, It may turn out that the seat geometry In
the uppermost position should be a bit farther forward than
described. This, however, can be determined for certain only .V
after running more subjects.

* . . •.P. °
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FIGURE 10. The Variable Geometry Cockpit Mockup - Large Subject
Accommodation. The seat Is ful I-down, back angIe 30 degrees,
rudders full forward. Note this subject's reach capability.h
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To cover the possibility that the 18 degree back angle in
the ful l-up position may not be the most appropriate, the final
full-up back angle can be set at any angle between 16 and 20
degrees. This is done by changing the position of the upper end
of the surface along which the seat rol Is In Its upward travel.
Changing the final back angle In the full-up position also alters
the full-up seat angle.

The seat geometry In the full-down position Is never al-
tered.

It was decided early on that I would want to be able to
compare reach capabil ity and eye positions using the variable , ,l
geometry with these entities In the F-16A. For that reason the
mockup was designed to simulate both geometries. By moving a
catch-sI Ide behind the seat when the seat Is ful I down, upward
motion of the SRP can be aft along 24.5 degrees, as previously
described, or at 34.5 degrees aft as In the F-16A. The 30 degree
back and +30 degree seat angles are not altered during the F-16A
adjustment.

7--
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FIGURE 11. The Variable Cockpit Geometry Mockup - Small Subject

Accommodation. The seat Is nearly full-up, the back angle Is
approximately 20 degrees. Note that this subject's reach forward
Is essentially equivalent to that of the large subject In Figure
10. '.
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Seat and back angular and vertical motion and eye position
can all be tracked by observing appropriate scales mounted on the
side of the mockup. Eye position can be tracked using a trans-
parent grid which can be rotated Into position at the sIde of the
subject's head. A realistic replica of the overhead segment of
thb canopy can be rol led Into position once the subject Is In-
stal led Into the seat.
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